PATENT APPLICATION 
ATTORNEY DOCKET NO.: AVX-38-RE 

UNITED STATES REISSUE APPLICATION 
For 

INTEGRATED DUAL FREQUENCY NOISE ATTENUATOR 

By 

JEFFERY C. CAIN 
And 

JOHN E. BARRIS 



1 



INTEGRATED DUAL FREQUENCY NOISE 
ATTENUATOR 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention is directed to a by-pass or attenu- 
ator device and more specifically to a miniaturized ceramic 
device intended to attenuate noise at two discrete frequen- 
cies, ^Mthout limitation, a particular utility of the device is 
as a noise attenuator in so-called dual mode cellular phones 
having both a digital and an analog output. In devices of this 
sort, where transmission is effected simultaneously oa two 
discrete frequencies, it is desirable to minimize the "noise" 
generated by each of the two frequencies, 

2, Prior Art 

Conventional practice in respect of the recently developed 
dual mode cellular phones is to provide discrete LC net- 
works tailored to attenuate (shunt to ground) the aoise 
generated in the respective digital and analog transmission 20 
circuits. With the cuaent trend to miniaturization, the 
requirement of utiliziag discrete components to be attached 
to the motherboard is undesirable in that the multiple 
components occupy precious "geography". 

Perhaps, more importantly, ia the ultra high frequencies 
involved ki cellular technology (900 MHz for analog trans- 
missions and 1.9 GHz for digital transmissions) the inclu- 
sion of lead paths to the respective separate components 
results in a great variation in inductances, since the lead 
paths themselves function as inductors. 

The references noted below were obtained as a result of 
a prior art search in respect of the instant invention. 

U.S. Pat. No. 5,430,601 discloses a MLC which includes 
a resistance connection. 35 

U.S. Pat. No. 5,1'70,317 discloses a MLC which includes, 
in addition to the conventional electrodes, a "correction" 
electrode which is narrower than the major electrodes to 
enable the provision of a capacitor having a precise value. 

U.S. Pat, No. 4,758,922 discloses a U-shaped "strip line" 40 
which functions as a resonance element (capacitor) having 
ground plane layers and intervening dielectric layers. 

U.S. Pat. No, 4,479,100 relates to an impedance matching 
network which includes a plurality of electrodes of different 
cross-sectional areas. The electrodes are connectable in 
parallel with a major electrode to provide a selected desired 
capacitance. 

U.S. Pat. No. 4,074,340 discloses a MLC which includes 
adjusting electrodes extending to side surfaces of the mono- 
lii Capacitance adjustment is effected by externally con- 
necting or disconnecting the adjusting electrodes with the 
major electrodes. 

U.S. Pat. Nos. 4,048,593 and 2,758,256 disclose the 
concept of providing a multiplicity of discrete capacitors 
formed on a single substrate. 

SUMMARY OF THE INVENTION 

The present invention is directed to a ceramic integrated 
dual frequency noise attenuator device. More particuhrly, 
the invention is directed to an attenuator device adapted to 
provide a low impedance path to ground at two disaete 
frequencies. 

Still, more particularly, the invention is directed to a dual 
frequency by-pass device characterized in that the same is 
extremely simple to manufacture and provides accurate and 
precisely controlled dual LC circuits. 
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Still, more particularly, the invention is directed to a 
single or multilayer by-pass device especially adapted for 
noise filtration, the device comprising a pair of U-shaped 
electrodes in a monolithic ceramic dielectric structure. Each 
5 of the electrodes includes a base and a pair of leg portions 
extending from the base. In the monolithic structure each 
base is disposed at a margin of the monolith, the legs of each 
U being directed toward the base of the opposite U, the 
electrodes being disposed on opposite surfaces of the 
ceramic dielectric, 

A characterizing feature of the device is that the overlap- 
ping area defined by one pair of legs differs from the 
overlapping area defined by the second pair of legs, such that 
two discrete capacitances are formed. The differential over- 
15 lap may be achieved by one pair of legs being longer than 
the other pair or by one pair of overlapping legs being wider 
than the other pair, or by combinations of these factors. 

A farther characterizing feature of the invention resides in 
the composite of the branches of the U coupled with the base 
20 of the U functioning as an inductor whereby the device, by 
the provision of the U-shaped electrode combination 
described, inherently provides a circuit comprised of two 
capacitors of different values connected in parallel, in series 
with a pair of inductors defined by the electrodes which also 
25 form the capacitance together with the base portions of the 
U configurations. "Where the differential capacitance is pro- 
vided by the overlapping legs being longer on one side of the 
U than the legs of the opposite side of the U, there will 
inherently be provided a proportionately greater inductance 
30 due to the longer conductive path of the longer legs. 

A further feature of the invention resides in the ability, due 
to the U-shaped configuration of the electrodes, to increase 
the inductance by elongating the base of the U, whereby it 
is feasible to provide an increased inductance without mate- 
35 rially increasing the capacitance. 

The device of the invention provides a compact and 
readUy manufactured component providing optimal by-pass 
and noise reduction in a single chip having but two leads 
(surface-mount or wire) to be connected to the motherboard. 
40 By minimizing the external conductive path, a great degree 
of control of the characteristics of the by-pass device is 
achieved. This is in contrast to by-pass techniques employ- 
ing discrete capacitors and inductors which inherently 
require elongated conductive paths on the PC board and, 
45 hence, greater and less controlled inductances. 

In accordance with the invention it is an object to provide 
a readily manufactured integral chip device especially 
adapted to function as a by-pass or noise reducing device for 
two discrete frequencies. 

A farther object of the invention is the provision of a 
device of the class described wherein the capacitive and 
inductive values may be precisely determined, the device 
being compatible wi& the desired highly efficient use of the 
geography of the motherboard. 

BRIEF DESCRIPTION OF DRAWINGS 
FIGS, la and lb are respectively plan views of the top and 
bottom electrodes of a device in accordance with the inven- 
tion. 

60 FIG, 2 is a schematic exploded perspective view of the 
device of the invention. 

FIG, 3 is a diagram of the circuitry defined by the device 
of the invention. 

g5 DETAILED DESCRIPTION OF DRAWINGS 

Referring now to the drawings, there is shown in FIG. 2 
a schematic exploded perspective of a device in accordance 
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with the invention, the dimension and thickness of the 
various elements being greatly increased to facilitate an 
understanding of the structure. 

The by-pass device 10 is comprised of a ceramic monolith 
including one or more dielectric layers 11, the opposite 5 
surfaces of which have formed thereon U-shaped upper and 
lower electrodes 12 and 13. Electrode 12 includes a base 
portion 14 having legs 15 and 16 projecting ficom the 
opposite ends. Electrode 13 includes a base portion 14a from 
the opposite ends of which project leg portions 15a and 16^?. 

As best seen in FIG. 2 electrodes 12 and 13 are disposed 
respectively above and below dielectric 11 in such manner 
that the respective base portions 14-14a are exposed at 
opposite edges of the monolith. As will be appreciated firom 
FIG. 2 wherein a single unit comprised of upper and lower ^5 
electrodes and an intervening dielectric layer are shown in 
solid lines, any number of layers may be formed in the 
stacked monolith to achieve the desired values of capaci- 
tance and inductance. 

Terminations 17-18 are formed at the end margins of the 20 
monolith, the termination 17 being electrically coupled to 
the base portions 14a of the electrodes 13 and termination 18 
being electrically coupled to the base portion or portions of 
electrodes 12 of the monolith. 

As is evident from FIG, 2, due to the smaller width and 25 
lengths L2 of legs 15 and ISa the registering or overlapping 
area 19 defined by the legs 15-15^2 will be less than the 
overlapping area 20 defined by longer and wider legs 
16-16fl whose length is represented by the notation LI. 

The capacitance defined in the area 19 will be less than the 30 
capacitance defined in the area 20, since capacitance is 
directly proportional to the areas of overlap. It will thus be 
appreciated that the desired capacitive differential between 
capacitor CI defined by overlapping areas 19 from the larger 
capacitance C2 defined by overlapping areas 20 can be 35 
achieved by varying the width of the respective overlapping 
leg components or by varying the length of the overlapping 
components or by both expedients. 

Particularly desirable is adjusting capacitance in accor- 
dance with the length of the overlapping legs, since the ^0 
inductance provided is a function of the entire length of the 
conductive path and thus by utilizing legs of different 
lengths there is inherently provided a larger inductance 
where the leg lengths are longer whereby the inductance 
value is automatically greater to interact with the larger 45 
capacitance. 

Methodology 

The manner of fabrication of the by-pass device is iden- 
tical to the conventional methods of fabricating ceramic 50 
capacitors. Since this methodology is well known to those 
skilled in the art it will be merely briefly described below. 

The dielectric components are formed by casting a thin 
layer of a slurry of finely divided dielectric forming material 
such as barium titanate suspended in a liquid matrix includ- 55 
ing binder. The "green" ceramic is screen printed with 
electrode forming ink in the desired U-shaped patterns. 
Typically, the ink will include a noble metal, such as 
palladium. Patterned green ceramics are superposed to pro- 
vide the desired number of layers, the patterns of adjacent 60 
layers being coordinated to achieve the desired overlapped 
condition. Individual units are diced from the superposed 
layers in such manner as to expose base portions 14-14a at 
opposite ends of the pre-fired chips. The diced units are 
thereafter subjected to binder bum-off at a first temperature 65 
and thereafter sintered at a higher temperature to define the 
monolith. 
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Terminations 17-18 are applied to the respective exposed 
base portions 14 at one end and 14a at the other end. 
Tenninations may be formed m any of a number of known 
manners including vapor deposition to provide electrical and 

5 mechanical bond to the exposed electrode bases at opposite 
ends of the monolith followed by application of one or more 
metallic layers over the sputtered layer to enable soldering 
to the motherboard. The terminations may extend beyond 
the end margins where surface mounting is desired, Alter- 

10 native termination methods include applications of carbon 
followed by an outer silver layer with or without intervening 
metallic layers between carbon and silver. 

EXAMPLE 

Without limitation, and in compliance with the "best 
mode** requirements of the patent laws of the United States, 
a specific example of an assembly in accordance with the 
invention is provided below. 
A monolith is formed utilizing 16 active layers of a 
^ barium titanate ceramic approximately 20 micron thickness. 
In such example, seventeen active electrodes are employed. 
In the example provided, the widths Wl of the legs 15 and 
15a and the widths W3 of the legs 16 and 16a are identical 
and comprise 0.007 inches. The length of the branch W2 
between legs Wl and W3 is also 0.007 inches. The length LI 
of legs 16,16ff is 0.050 inches with the length of legs 12 
being 0.035 mches. The electrodes are stacked such that the 
overlap or registering area 20 of legs 16,16a is substantially 
three times the overlap area 19 of legs 15,15a. 

A batch of the described components was tested, the 
capacitance CI defined by overlap area 20 being approxi- 
mately 47 picofarad and in the capacitance C2 defined by 
area 19 being approximately 15 picofarad. Inductance La is 
35 approximately 800 picohenry, inductance Lb was measured 
at approximately 600 picohenry. 

Preferably, the two capacitive values should be at least a 
half a decade apart. In the illustrated example, the resis- 
tances Rl and R2 were each approximately 200 Q. 
40 Obviously, by tailoring the overlap area a wide diversity of 
capacitor values may be achieved. Similarly, by modifying 
the length and the width of the electrode legs and base, the 
desired inductances may be tailored to fit specific situations. 
The values of the illustrated example have been found 
45 highly efficient as by-pass devices for dual mode cellular 
phones operating on respective analog and digital frequen- 
cies of 900 MHz and 1.9 GHz. Of particular advantage is the 
predictable nature of the inductance as contrasted with the 
large variations resulting firom the utilization of separate 
50 capacitors with the attendant variations in path lengths of the 
leads between the capacitors. 

As wiU be apparent to those skilled in the art who have 
been familiarized with the instant disclosure, numerous 
variations in details of construction may be derived without 
55 departing from the spirit of the invention. Accordingly, the 
invention is to be broadly construed withia the scope of the 
appended claims. 
We claim: 

1. An integrated ceramic dual frequency by-pass device 
60 including a parallel connected pair of ceramic capacitors of 
disparate values, each capacitor including a series connected 
inductance comprismg at least one planar dielectric layer, a 
first electrode and a second electrode disposed on respective 
opposite surfaces of said dielectric layer, said first electrode 
65 and said second electrode each being of generally U-shape 
and including a base portion and a pair of leg portions 
extending from said base portion, said base portion of said 
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first electrode being disposed at an opposite end of said 
dielectric layer from said base portion of said second 
electrode, said leg portions of each of said first electrode and 
said second electrode extending toward said base portion of 
the other, each of said leg portions of said first electrode 5 
being disposed in registry with an area of respective said leg 
portions of said second electrode, the areas of registration 
being of different values whereby a capacitance defined 
between a first registering pair of said leg portions differs 
from a capacitance defined between a second registering pair lO 
of said leg portions, 

2. A device in accordance with claim 1 and including first 
and second terminations at opposite ends of said dielectric 
layer, each of said first and second terminations being 
electrically connected to a respective said base portion of 15 
said first electrode and said second electrode. 

3. A device in accordance with claim 2 wherein said lea 
portions and said base portion of said first and second 
electrodes defines a respective inductance of predetermined 
value. 20 

4. A device in accordance with claim 1 wherein a first of 
said leg portions has a length greater than a second of said 
leg portions. 

5. A device in accordance with claim 1 wherein a first of 
said legs portions has a width greater than a second of said 25 
leg portions. 

6. A device in accordance with claim 1 wherein a first of 
said leg portions has a length and width greater than a 
second of said leg portions. 

7. A device in accordance with claim 1 comprising a 30 
multilayer stacked configuration having a plurality of dielec- 
tric layers each having a respective first electrode and a 
second electrode on opposite surfaces thereof, each said first 
electrode being connected in parallel with each other and 
each said second electrode being connected in parallel with 35 
each other. 

8. An integrated ceramic by-pass device providing a pair 
of parallel-connected ceramic capacitors of disparate capaci- 
tor values in a single component package, said device 
comprising: ^o 

a device body having a first polarity termination and a 
second polarity termination located on respective oppo- 
site ends thereof; 

said device body comprising a plurality of dielectric 
layers, each dielectric layer having a first pair of leg 
portions extending from said first termination on a top 
surface thereof and a second pair of leg portions 
extending firom said second termination on a bottom 
surface of said dielectric layer; 

one of said first leg portions overlapping a corresponding 
one of said second leg portions to define a first prede- 
termined capacitance value; and 



another of said first leg portions overlapping a corre- 
sponding other of said second leg portions to define a 
second predetermined capacitance value, whereby first 
and secx3nd parallel capacitors of said disparate capaci- 
^ tance values are provided. 

9. An integrated ceramic by-pass device as set forth in 
claim 8, wherein said first pair of leg portions are intercon- 
nected by a first base portion and said second pair of leg 

^0 portions are interconnected by a second base portion. 

10. An integrated ceramic by-pass device as set forth in 
claim 8, wherein: 

said one of said first leg portions has a length greater than 
said another of said first leg portions; and 

15 

said correspondir^ one of said second leg portions has a 
length greater than said corresponding other of said 
second leg portions. 

11. An integrated ceramic by-pass device as set forth in 
20 claim S, wherein: 

said one of said first leg portions has a width greater than 

said another of said first leg portions; and 
said corresponding one of said second leg portions has a 
25 width greater than said corresponding other of said 
second leg portions. 

12. An integrated ceramic by-pass device comprising: 

a device body having a first polarity termination and a 
second polarity termination located on respective oppo- 
site ends thereof; 

said device body comprising a plurality of dielectric 
layers, each dielectric layer having a first pair of leg 
portions extending from said first termination on a top 
3^ surface thereof and a second pair of leg portions 
extending from said second termination on a bottom 
surface of said dielectric layer; 

one of said first leg portions overlapping a corresponding 
one of said second leg portions to define a first prede- 
termined capacitance value; 

another of said first leg portions overlapping a corre- 
sponding other of said second leg portions to define a 
second predetermined capacitance value; and 

wherein a first area of overlap defined by said one of said 
first pair of leg portions and said corresponding one of 
said second pair of leg portions is substantially three 
times a second area of overlap defined by said another 
of said first pair of leg portions and said corresponding 
other of said second pair of leg portions. 
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